Objective: To evaluate causes and predictors of readmission after new ileostomy creation. Background: New ileostomates have been reported to have higher readmission rates compared with other surgical patients, but data on predictors are limited. Methods: A total of 1114 records at 2 associated hospitals were reviewed to identify adults undergoing their first ileostomy. Primary outcome was readmission within 60 days of surgery. Multiple logistic regression was used to identify independent predictors; area under the receiver-operator characteristic curves (AUC) were used to evaluate age-stratified models in secondary analysis. Results: In all, 407 patients underwent new ileostomy; 58% had cancer, 31% IBD; 49% underwent LAR, 27% colectomy, and 14% proctocolectomy. Median length of stay was 8 days. Among the patients, 39% returned to hospital, and 28% were readmitted (n ¼ 113) at a median of 12 days postdischarge. The most common causes of readmission were dehydration (42%), intraperitoneal infections (33%), and extraperitoneal infections (29%). Dehydration was associated with later, longer, and repeated readmission. Independent significant predictors of readmission were Clavien-Dindo complication grade 3 to 4 [odds ratio (OR) 6.7], Charlson comorbidity index (OR 1.4 per point), and loop stoma (OR 2.2); longer length of stay (OR 0.5) and age 65 years or older (OR 0.4) were protective. Cohort stratification above or below age 65 revealed that older patient readmissions were more predictable (AUC 0.84) with more preventable causes, whereas younger patient readmissions were difficult to predict or prevent (AUC 0.65). Conclusions: Readmissions are most commonly caused by dehydration, and are predicted by serious complications, comorbidity burden, loop stoma, shorter length of stay, and age. Readmissions in older patients are easier to predict, representing an important target for improvement. The Centers for Medicare and Medicaid Studies (CMS) and the National Surgical Quality Improvement Program (NSQIP) have specifically designated colorectal surgery outcomes among the top 5 areas for improvement, recommending their use as quality indicators. Readmission rates among colectomy patients at 30 days postdischarge have been reported at 11.4% to 16%, 2-4 similar to other surgical populations. However, rates for patients undergoing ostomy creation are far higher-a recent series reported 43% in ostomates versus 15% in nonostomates at 60 days postdischarge.
H ospital readmissions are carefully monitored by national agencies as a quality indicator and a target for improvement in outcomes and costs. Unplanned readmissions represented 17% of overall Medicare spending in 2004, with a 22% 60-day postoperative readmission rate for Medicare beneficiaries. 1 The Hospital Readmission Reduction Program of the Affordable Care Act went into effect in 2012, mandating Medicare reimbursement penalties for excessive readmissions. In 2013, the program expanded to include elective arthroplasties, suggesting that additional surgical procedures could also face future penalization.
The Centers for Medicare and Medicaid Studies (CMS) and the National Surgical Quality Improvement Program (NSQIP) have specifically designated colorectal surgery outcomes among the top 5 areas for improvement, recommending their use as quality indicators. Readmission rates among colectomy patients at 30 days postdischarge have been reported at 11.4% to 16%, [2] [3] [4] similar to other surgical populations. However, rates for patients undergoing ostomy creation are far higher-a recent series reported 43% in ostomates versus 15% in nonostomates at 60 days postdischarge. 5 High readmission rates have been described in small cohorts 5, 6, 7, 8, 9 of new ileostomy patients, and 1 population study reported readmission 10 ranging from 17% to 49% at 30 days to several months postoperatively. These rates project as many as 20,000 readmissions in the US per year, 11 representing a substantial opportunity for quality improvement.
Dehydration has been reported as the most common cause of readmission of new ileostomates, occurring in 44% of readmissions. 8 The presence of a stoma has been shown to consistently impair renal function, with clinical renal failure occurring in 20% of ileostomates. 12 Although readmissions are often multifactorial, dehydration represents a prevalent and potentially preventable target. To implement preventive strategies on patients at risk for dehydration and readmission, however, they must first be identified, preferably before discharge.
Literature on factors predictive of readmission in new ileostomates is limited, and results are inconsistent. In this study, we rigorously analyzed a large cohort of new ileostomy patients, with the objective of definitively establishing the causes and predictors of readmission. We hypothesized that dehydration would be the leading cause of readmission, and that variables relating to dehydration, ileostomy output, and frailty, assessable at the time of discharge, would be predictive of readmission within 60 days of surgery.
METHODS

Cohort Composition
With Institutional Review Board approval, a cohort was assembled from 2 large, adjacent urban hospitals (a general hospital and a cancer center), both academically affiliated and sharing conferences, house staff, and many management principles. All patients undergoing surgeries including ileostomy creation, over a 30-month period (2010-2012), were retrospectively identified from billing records, using a prespecified list of 25 Current Procedural Terminology (CPT) 2012 codes. An overly comprehensive CPT code list was 
Data Collection
Each medical record, from preoperative planning through 60 days postoperation, was assessed by a single, surgically trained reviewer. Predictor and outcome variables were selected for extraction a priori based on clinical expertise and literature review. An exhaustive examination of each patient's chart was performed, recording patient, operative, and postoperative factors. The date of surgery was considered the date of ileostomy creation; if ileostomy was created to deal with complications of a prior procedure, the patient was coded as having a history of previous surgery less than 60 days ago and the ileostomy creation date was considered the index surgical date. Charlson comorbidity index, a comorbidity summarization score linearly associated with 1-year mortality, 13 and the modified Clavien-Dindo complication scoring system, classifying postoperative complications by therapy required, 14 were calculated for each patient.
Outcome Measures
Readmission for any cause within 60 days of ileostomy creation was chosen a priori as the primary outcome, a window incorporating the Medicare-tracked 30-day post discharge endpoint, and capturing as much readmission burden as was consistently feasible, given that the surgeons involved generally waited a minimum of 60 days before reversing temporary ileostomies. Readmission was defined by the presence of an admission order with corroborating documentation. Details of readmissions to other institutions were inferred, when possible, from primary institution records; outside institution records were reviewed only if included in primary institution records. Secondary outcomes included visits to the Emergency Department (ED) that did not result in readmission, administration of intravenous (IV) fluids outside of the inpatient setting (in ED, clinic, or total parenteral nutrition at home), and specific causes of readmission, which were defined operationally and applied nonexclusively. Readmission with dehydration was of special interest, and a robust, objective definition was developed (Table 1) .
Statistical Considerations
The study was powered to allow observation of medium-sized effects, with as many as 20 variables in multiple regression, 15, 16 requiring a sample size of at least 265 patients (N > 104 þ 8m); more patients or fewer variables enhanced power to observe smaller effects. Univariate and multivariate associations of predictor variables with outcomes were assessed using uncorrected chi-square tests, mid-P exact tests, and logistic regression, with log transformation of variables when appropriate. Predictor variables deemed clinically important by investigators, and all variables significantly associated with the primary outcome on univariate analyses were selected for potential inclusion in multivariable predictor models. For these, Pearson coefficients were calculated to assess pairwise variable correlations and linear regression variance inflation factors were analyzed to assess multicollinearity, with some variables removed due to excessive redundancy.
Remaining variables were entered into multivariable logistic regression; forward and backward automated stepwise regressions were applied to assess model stability and reduce models to include only variables with P values 0.10, to optimize bias-variance tradeoff. Additional regression analysis of stratified data was used to assess age, due to observation of the mixed effects of this variable. Receiver-operator characteristic (ROC) curves were plotted for models to assess predictive power.
RESULTS
Over a 30-month period, 1114 records were identified from billing databases, of which 707 were excluded ( Fig. 1) , yielding a cohort of 407 patients undergoing first ileostomy creation by a general or colorectal surgeon. Patient characteristics, operative factors, and postoperative sequela (Table 2) demonstrated that the mean age of the cohort was 53 years, 55% were male, and the most common reason for ileostomy creation was colorectal cancer (58%). Fifty-four per cent of surgical procedures were open and 78% elective. Ninety-seven per cent of patients had a WOCN visit, and 93% were discharged home (98% with nursing visits).
Stratifying the cohort by institution, expected differences were observed. Compared with the general hospital, patients at the cancer center were more often males (64% vs 48%) undergoing elective surgery (91% vs 67%). At the cancer center, the most common diagnosis and operation was colorectal cancer (93%) and low anterior resection (74%), respectively; and at the general hospital, inflammatory bowel disease (49%) and partial/total colectomy (42%), respectively. Despite these differences, readmission rates at the institutions were equal; age, complication rates, comorbidity burden, length of stay, and other important population factors did not differ significantly. Given these similarities, both hospitals were deemed appropriate for analysis as a single cohort. Six surgeons at the cancer center and 14 surgeons at the general hospital created ileostomies during the study period, with an overall median of 19 per surgeon.
All-cause and Specific Causes of Readmission
Thirty-seven per cent of patients (150/407) returned to the ED; 28% were readmitted (113/407) within 60 days of surgery (Table 3) , with 5% readmitted multiple times (21/407) and 3% readmitted to other institutions (14/407). After discharge, 12% received IV fluids as outpatients. Of the 12.5% (51/407) who came to the ED and were sent home, 27% (14/51) eventually returned and were readmitted. Receiving IV fluids did not prevent readmission in this group; readmission rates were equal whether or not IV fluids were given (28% vs 27%, respectively, P ¼ 0.93). Sixty-five per cent of readmitted patients had a single cause of readmission (73/113); 35% had multiple causes (40/113) ( Table 4) ; 45% (51/113) required a major procedure during readmission (laparoscopy/laparotomy, endoscopy, or interventional radiology); and 2% died (2/113). The median time to first readmission was 19.5 days after surgery [interquartile range (IQR) 13-31 d] or 10.5 days after discharge (IQR 5-18 d). The median length of first readmission was 5 days (IQR 2-7 d). Fifty-seven per cent of readmitted patients had an office visit before readmission at a median of 6 days postdischarge, versus 11 days in patients who were not readmitted.
The most common cause of readmission was dehydration (Table 4) , occurring in 42% of readmissions (47/113); 35% (16/47) were readmitted for dehydration only. Dehydration conferred increased morbidity, and 49% (23/47) were likely to have additional subsequent conditions: acute renal failure (23%, 11/47), significant electrolyte derangement (11%, 5/47), cardiac arrhythmia (15%, 7/47), and failure to thrive (6%, 3/47). Patients with dehydration were readmitted significantly later than those without (median 13 vs 8.5 d after discharge, P ¼ 0.001), and length of stay during readmission was longer (median 5 vs 4 d, P ¼ 0.001). Dehydration was also associated with repeat readmissions: 76% (16/21; P ¼ 0.0003) of multiple readmits had at least 1 dehydration readmission and 24% (5/21) had multiple readmissions for dehydration.
Other causes of readmission ( zMinimally invasive includes robotic, laparoscopic, and hand-assisted laparoscopic surgery. Open surgery defined as a vertical midline incision >8 cm or placement of a Bookwalter or Balfour retractor.
§Output defined as !250 cc in 1 day. ôGrade 1 to 2 complications include the following: NG tube placed, diuresis, blood transfusion, antibiotics, ARF, TPN given, pleural effusions, stomal swelling, wound opened at bedside, atrial fibrillation with RVR, DVT; grade 3 complication is return to operating room, endoscopy suite, or interventional radiology; grade 4 complication is intensive care unit stay for any reason.
ÃÃMost common were uterus, ovaries, salpinx, vagina, partial liver, or gall bladder. BMI indicates body mass index; BUN, blood urea nitrogen; HTN, hypertension; IBD, inflammatory bowel disease; IQR, interquartile range; LOA, lysis of adhesions; MSKCC, Memorial Sloan Kettering Cancer Center; NG, nasogastric; NYP, New York Presbyterian; OR, operating room; SBR, small bowel resection; SD, standard deviation. 
Univariate and Multivariate Associations: All-cause Readmission
Univariate analyses for all variables were performed (Table 2) . Smoking, Charlson comorbidity index of 3 or more, diabetes, renal disease, intestinal surgery within 60 days prior, last inpatient creatinine greater than 1.0, Clavien-Dindo complication grade of 3 to 4, or discharge on diphenoxylate-atropine were significantly associated with all-cause readmission.
After assessment for univariate significance, clinical importance, and multicollinearity, 17 predictor variables were included in the initial multiple logistic regression model. Backward and forward stepwise regressions were applied to remove nonsignificant variables, and both processes separately converged on a single solution of 7 variables demonstrating significant or near-significant association with all-cause readmission (Table 5) . Clavien-Dindo complication grade 3 to 4 [odds ratio (OR) 6.74; 95% confidence interval (CI), 3.02-15.0; P < 0.001], Charlson comorbidity index (OR 1.42 per point; 95% CI, 1.17-1.71; P < 0.001), and loop stoma (OR 2.18; 95% CI, 1.21-3.93; P ¼ 0.01) were each predictive of readmission, whereas age 65 and older (OR 0.42; 95% CI, 0.22-0.80; P ¼ 0.01) and longer length of stay (log transformed) were protective (OR 0.47; 95% CI, 0.24-0.92; P ¼ 0.01). Discharge on diphenoxylate-atropine (P ¼ 0.07) and living alone (P ¼ 0.10) did not reach significance of 0.05, but remained in the model.
Secondary Analysis: Stratification by Age
The unexpected finding of a protective effect associated with older age was further explored. Because age seemed to have significant effects on other predictor variables, the cohort was stratified for further analysis by age greater or less than 65, chosen a priori as the Medicare eligibility age. Causes of readmission were found to differ significantly by age (Table 4) . Older patients were most commonly readmitted for dehydration and extraperitoneal infections, significantly more often than younger patients. Readmission for dehydration was more than twice as frequent in older patients (19% vs 9%). Younger patients were most commonly readmitted for intraperitoneal infections and miscellaneous causes.
To further assess the effects of age, multivariable logistic regression for independent predictors of readmission was repeated with age stratification, yielding notable differences by age group (Table 5 ). In the older patients, all-cause readmission was independently predicted by 5 factors: Charlson comorbidity index (OR 1.58 per point; 95% CI, 1.15-2.17; P ¼ 0.005), Clavien-Dindo complication grade 3 to 4 (OR 21.6; 95% CI, 3.37-139; P ¼ 0.001), living alone (OR 4.98; 95% CI, 1.42-17.4; P ¼ 0.01), loop ileostomy (OR 7.26; 95% CI, 1.33-39.5; P ¼ 0.02), or history of prior surgery (OR 5.80; 95% CI, 1.41-23.9; P ¼ 0.02). In the younger patients, Clavien-Dindo complication grade 3 to 4 (OR 3.90; 95% CI, 1.83-8.30; P < 0.001) and discharge on diphenoxylate-atropine (OR 3.60; 95% CI, 1.19-10.8; P ¼ 0.02) were the only independent predictors reaching significance. Moreover, the predictive capacity of the older patient model was much stronger. Models were evaluated using area under the ROC curve (AUC; Fig. 2) . The model for patients 65 years or older had an AUC of 0.84; the AUC for patients younger than 65 years was 0.65.
DISCUSSION
We rigorously examined a retrospective cohort of 407 new ileostomies from 2 affiliated hospitals, finding an all-cause readmission rate of 28% within 60 days of surgery. Dehydration was the Miscellaneous causes were very diverse, including electrolyte abnormalities, acute renal failure, DVT, PE, portal vein thrombus, stomal obstruction by food particles, bleeding from rectum, peristomal dermatitis, failure to thrive, atrial fibrillation, leukopenia, CBD dilatation, angina, dysphagia, pleural effusion, CHF, gastroparesis, fever, post-chemotherapy enteritis, urinary retention, and partial SBO symptoms.
yIn-room procedures included NG tube placement, wound exploration, wound VAC placement, or stomal intubation.
most common cause; it was associated with longer, later, and multiple readmissions, and also additional morbidity. Multiple logistic regressions revealed comorbidity burden, serious inpatient complications, loop stoma, shorter length of stay, and younger age as independent predictors of readmission. Stratification of the cohort by age demonstrated different patterns of readmission: older patient readmissions were primarily for dehydration or extraperitoneal infections, and had more identifiable predictive factors. Readmissions in younger patients were largely due to intraperitoneal infections or miscellaneous causes, and were mostly unpredictable by the factors studied.
Strengths and Limitations
This study is the largest cohort of readmitted ileostomy patients studied in detail to date, and has many strengths. From billing data, we comprehensively captured all ileostomies by 20 surgeons at 2 hospitals, representing current practices with minimal selection bias. Primary data from clinical records were meticulously collected with a priori selection and explicit definition of variables. Causes of readmission were also operationally defined, enhancing their reliability and reproducibility, especially for dehydration, which has rarely been formally defined in previous studies. Multiple causes of readmission were recorded when they existed concurrently, to minimize interpretation bias. Predictive variables studied were limited to those assessable at time of postoperative discharge, so that results can be used to identify high-risk patients for potential intervention before hospital discharge.
This study has limitations. The retrospective design relies on the accuracy and completeness of clinical charts. Readmission to outside institutions is particularly challenging to assess in any retrospective, institution-level study. However, unlike prior studies, 8, 17 we made a significant effort to identify outside readmissions by reviewing the entire chart, including all follow-up notes by physicians and nurses. Some variables such as ethnicity, socioeconomic variables, or distance from hospital were not collected. Patients with ileostomies created by gynecologists or urologists were excluded to enhance specificity to the practices of general and colorectal surgical communities; patients with prior ostomies were excluded to capture the experience of ostomynaïve patients. Variation in surgeon-specific readmission rates existed, but the number of surgeons relative to the total sample prohibited analysis of readmission by surgeon.
Although many postoperative management practices were shared between surgeons, neither hospital had instituted formal ERAS programs at the time of study, which have been recommended by the American Society of Colon and Rectal Surgeons for new ileostomy patients. 20 Nagle et al 9 have demonstrated that early patient autonomy in ostomy care can potentially reduce readmissions, which was not been described at the time of our study. Most of our patients visited with WOCNs pre and postoperatively and received stoma marking and education, although the details of those processes could not be captured with sufficient detail to evaluate their benefits. Incorporating our findings into ERAS programs for new ostomates is a priority. Despite these limitations, we believe that our results provide important findings for developing pathways for patients with new ileostomies.
Study Findings and Previous Literature
This large study strengthens the results of smaller studies. The 28% 60-day readmission rate after ileostomy, observed here, confirms the magnitude of the problem. 5, 6, 7, 9, 10 While the rate observed in this study and prior small studies was higher than the 17% observed by Messaris et al, 8 the study may lack applicability, as a single-institution cohort was assembled from records over 20 years. Using a reproducible, operational definition of dehydration, our study also concludes that dehydration is the most common cause of readmission after ileostomy, 7, 8 and confirms that older age is a risk factor for dehydration. 7, 8, 17 As dehydration is the most common Our study describes important and novel findings. It clarifies the magnitude of post discharge morbidity incurred by dehydration, which was associated with both repeated and longer readmissions and by secondary morbidity in roughly 50% of cases. We used rigorous methods in a large cohort to demonstrate that serious inpatient complications, comorbidity burden, loop stoma, shorter length of stay, and younger age are factors independently predictive of readmission after ileostomy creation. Although rarely 10, 18, 19 evaluated in prior studies, the most consistently significant independent predictor was serious predischarge complications, necessitating interventional procedures or intensive care management during the index admission. Complications can substantially exacerbate postoperative deconditioning, and have profound effects on patients' coping strategies after discharge. Comorbidity burden was also strongly predictive of readmission. While comorbidity is routinely used to informally estimate patients' capacity to recover after surgery, it has been measured inconsistently in the surgical literature including previous work on ileostomy readmission, 7, 8, 10 and likely represents one of the best ways to identify those at risk. Half of all patients with a Charlson comorbidity index of 3 or more were readmitted-twice as often as those with an index of 0. Shorter length of stay predicted readmission, which is provocative in the context of tremendous interest in shortening length of stay. Loop stoma construction was also a predictor, likely demonstrating that more proximal stomas increase dehydration risk, and suggesting the need for more aggressive fluid management in outpatients.
The most compelling finding was that younger age independently predicted readmission-a surprising result that contradicted prior literature. 7, 8, 13 To understand this effect further, the cohort was stratified according to Medicare eligibility, revealing significant differences in causes and predictors of readmission. Patients older than 65 were most often readmitted with dehydration and extraperitoneal infections (primarily wound and urinary tract), conditions that can often be safely treated without hospital admission if diagnosed early and treated appropriately. Furthermore, older patient readmissions were well-predicted by the variables measured (AUC 0.84). However, patients younger than 65 years had a significantly higher rate of readmission for intraperitoneal infections, which are difficult to prevent and treat on an outpatient basis. Other causes of younger patient readmissions varied, and were relatively unpredictable overall (AUC 0.65). This study demonstrates, for the first time, that readmissions after ileostomy are more predictable and preventable in older patients.
Clinical and Policy Implications
This work has numerous implications. It demonstrates that ileostomy patients warrant special attention, and that dehydration represents an important opportunity for improved outcomes in this population. It establishes risk factors for ileostomy readmission that can be routinely identified before discharge, allowing targeted surveillance and interventions for patients at highest risk. Our work indicates that patients over 65 likely benefit most from risk stratification. This suggests that more research on the relationship between older age and postoperative readmissions is warranted, and may facilitate further quality improvement.
Future Research
These risk factors for readmission of ileostomy patients, herein identified through detailed study of a large cohort, can be converted into a practical readmission risk-prediction tool that could be validated in another cohort. Such an instrument should allow for targeted, intensive, preventative interventions for at-risk patients. These interventions must be developed and could include more stringent discharge criteria to optimize patients' status, discharge with more intensive outpatient services or reconsideration of discharge to a facility, and a more rigorous program of postoperative follow-up including additional telephone or electronic surveillance, earlier or more frequent appointments, routine laboratory investigation, or an electronic stoma output-reporting program. This study demonstrates that patients aged 65 and older might especially benefit from risk stratification, enhanced discharge planning, and postdischarge management, and that focus on prevention of dehydration and extraperitoneal infections may be particularly effective strategies.
CONCLUSIONS
Readmission is a prevalent and morbid problem for patients with new ileostomies, occurring in 28% within 60 days of surgery. Causes are heterogeneous, but dehydration is the most common. The strongest predictors of readmission at time of discharge are comorbidity burden and serious inpatient complications. Readmissions in younger patients are more frequently for intraperitoneal infections; these are difficult to predict, and are primarily associated with serious impatient complications. Readmission in patients over 65 years, however, are more frequently for potentially preventable conditions such as dehydration and Urinary tract infection; for this cohort readmission is more easily predictable, and is associated with comorbidity, serious complications, living alone, prior intestinal surgery, loop stoma, and short length of stay. Patients should be risk-stratified before discharge-especially the older people-and those at risk should be targeted for preventative interventions.
